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ABSTRACT

The solids . btained from the reactions of the NFB‘U-BF3 com-
plex with Cf 0 and NQOA were examined by NMR spectroseopy
No ev1dence was found for N-F compounds Equally negative
results were found for the reaction between HCiOh and. NF3U

The solid obtained from the interaction of ant;mony penta-

fluoride aand NF30 was showr—to be largely NOSbF6,

~No reaction'was obtained between NF. 0 and aqueous potaeggéih
.cyanlde. Although no reaction occurred between NF30 and an.
.aqueous solution of the sodium salt of nitromethane, when
the reaction was run 1n the ahsence of water, -all the NF)O
was consumed. . The products of this-latter reaction have not

‘yet been determined

.The isolation of puxe ompound A 'a new 1nterhalogeﬁ) By V#%
ie befdg atteﬁptea A ~mdll peak -has—been obtained 1n the
chromatogram that majy headue-&o Compound A, but 1ts size has.
precluded 1dent1f1cutlun (ompound B has_been-obtalned from
the electllc dlSChdl"e of mixtures of nlilogennt~+fluor1de MF:
and chie+;na~ Compound B decomposes 1n glabs to glve SlFli
and FCi03, and is Chara(L911ZPd by dhsorptlons in the 1nfra-

red. ax AY—7Fmd 707“tm i o

((onlldontlxl Abstract)

T ooveoeNTAL
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DISCUSSION

CHEMISTRY .OF TRIFLUORAMINE 0XIDE

Reaction With Antimony Pentafluoride
© The aiscovery that NF30 forms a'l:2 complex with BF (Ref ); e to an’
.A1nvest1gat10n of the reaction of NF3O with ant1mony pentaf1u0r1de (Ref 2).
' 'The pr1nc1pal 1nterest was ‘to determlne ‘if the. react1on ‘took the follow1ng
course ' '
N.FBO ..+ Sb_F_—>-- NFQOSbF()..: o

If the stable wh1te solid formed in thls reactlon were the salt NF2OSbF6
it would constitute the first e\ample of a stable VF 0" ‘ion. Thls 1on
has been postulated as. the reactlve 1utermed1ate in the addltlons of

NF3O to fluoro olefins (Ref 3).

When ant1mony pentafluorlde was dllOWed to react w1th an, excess of NF 0

at room temperature, a v1gorous reaction occurred and ‘a’ wh1te solld was
:formed Its 1nfrared spectrum (F]g ‘1) showed no ev1dence for a compound
lsuch ‘as NF OSbF6, but xndlcated 1t to .be mainly NOQbe w1th some pos51ble
n1trate 1mpur1ty Flgure 2 shows the 1nfrared spectrum of NOSbF6 obtalned
' from the. reactlon between NOCI and SbF (Ref 4), and. comparlson of the
two spectra reveals them to be quite s1m1lar Botb spectra,were taken rn

:KCl pellets prepared 1n a; dry b0\

U coweoenaL

FORM 608.B PLATE HEV. 1.50°
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It was not poss1b1e to obta1n a vapor—pressure compos1t10n d1agram of

Jconclus1ons in, view of the, exper1menta1 uncerta1nt1es

+

the NF30 SbF5 system because of " the w1de d1spar1ty ‘of the phys1ca1 prop-.

'fﬂsertles of the two substances ' Ant1mony pentafluoride ‘melts at 7. C
'l wh;le NE

0 has 8. bo111ng po1nt of —89 C. Difficulty also was encountered,

3

in determ1n1ng the sto1ch1ometry of the reactlon both because the ant1-'

’ mony pentafluor1de tends to d1ssolve in the protect1ve Fluorolube o11
'layer in the manometer, and because the white sol1ds formed ‘have- about '

b:the same volat111ty as SbF ' The amount of NF, 0 consumed 1nd1cates '

5 -3,

eactlon with two moles of SbF5' h6wev Ty it is 1mposs1b1e to draw any .

React1on'w1th Chlor1ne (VII) 0x1de,' .

;2N1t§*gen D1ox1de and Perchlor1c SIS BrtS
'Ac1d ' ' : -

.In~thejnrevious iepoft.(Ref.'.l ), the "following reactiobsgﬁepefattempted:

[} : . C s

NF30 +.CL, 0 ———% \F 00104 #ECl0, s (1)

NF,0 '+ BF, + N,0,——3> NF,ONO, ‘+ NOBF;

30 T Ty gty > g Ry o OB, )

: thO.f:h91045—+>'HF-+;NFQOClqgj S P ()

te
ot

White. sollds obta1ned from reactlons 1 and 2, and a nonvolat11e 11qu1d :
from reactlon 3 were 1ncomp1ete1y character1zed there was a poss1b111ty ;f

that they may have conta1ned N F: substances

FORM 608.B:1 PLATE REV. 1.58
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They have now been examined in the NMR, and no indications were found
for the presence of N-F bonds. The only fluorine signal found was in

the case of reactions 1 and 2, and were assignable to the BF;3ion.

"splvgnts and employing the NF_0-BF complex, The catalysis by BF

Reaction With Potassium Cyanide

. This reaction was attempted in an éffort to extend the scope of ‘the

recently discovered addition of NF.0 to tetrafluoroethylené (Ref. 3 ).

3

The following was the desired reaction, the formation of a C-0 bond

providing the driving force, as in the case of the addition to olefins:

CN™ + NF30 -#=NF,0CN + F-

When the reaction was attempted between NF30 and aqueods KCN, all the
NF3O was recovered. This reaction will be repéated.using nonaqueous

. may

3 3 3

be a necessary element in all these reactions.

CONFIDENTIAL

FORM 608-B-i PLATE REV. 1-8@

"~ Reaction With Nitromethane

The reaction between the sodium salt of nitromethane and NF;O,is being

studied for the same reasons as in the KCN case. . The.foilbwing is the

" desired reaction:

; = , :
CHQNOQNa + NF30' iffNaP + FQI\OCHQNO2

(S|
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The anion of nitromethane resonates between the two forms:

H | H .

I 0 | 0
.-('3-N< > (;:Ng
H - 3 | H 0

(1) (1)

and several react1ons are known in which the anion behaVes as the.carban-
.ion (I), such as the fonmatlon of n1t10a1kanes from the reaction with
.alkyl hal1des, and the synthe51s of " trlchloronltromethane by reactlon
‘ with hypochlorous acid (Ref. 5 ). o ‘

When carr1ed out in aqueous solutlon no react1on occurred However,
whén n1tromethane was used as solvent, all the VFBO was consumed " This
reaction is still under investigation to determine whether the desired'

addition took place.

NEW INTERHALOGENS

Compound A

.Dur1ng this quarter the main effort has been d1rected at ob aining pure
Compound A, The synthelic procedure has been 1mprovcd by emp10y1ng con-
d1t10ns 1n the discharge that lead to increased gas 10n1zat10n thereby
decreas1ng the amount of free chlorine obtalned along w1th Compound A
Since BF3 does not form a complex with. Compound A, it has been used in
the pur1f1cat10n procedures to complex undes1rable s1de products such .as

2

C10,F. Desplte these 1mprovements, Compound A has not yet been obtalned
*in the pure state o ' .o BRI :

CONFIDENTIAL

FORM 608.B-1 PLATE REV. 1.86
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' Pﬁrification_of Compound A by gas chromategraphy was attempted in a column
packed with halocarbon cil ‘on Kel-F powder (Ref. 6 ). Found were SiFh,
.012, 0102,~FC103 and an unidentified fraction too small to manipulate.'
Since the peak may be .due to-ClO F or fompound'A .1t is not yet clear

 whether Compound A is actuallvy decomp0=1ng on the column or not.

The infrared speétrum of Compcund A <hows. 3n'aﬁd1tion to the absorptions
- at 732 cm_l dnﬁ 187 cmili another ab=urpt1)n at 630 cm 1.; This latter
’ absorptlo has .p. q and r lran(hec Wthh may bg a result of an axial
. fluorlne - chlorine: ctrelch1ng v1lra'1(n Al. While -the parallellband .
-for the axial fluorlne - hrnmlnv =tret(h n- BrFD (A..— 690 cm™ )(Ref 7)

1
is at a higher’ froquen(\ th:n the porpvndlcular hand ‘E = 645 .cm 1) in
'ipompoqnd A .1hNSP d}ﬂ(rp'lnne ari ro\vr-ﬂd hllh AI 530 cm Ta and
E —'730 cm-I This. lmplfv- that }f (nmpnund A s (lF the ax1a1 fluor)ne
18, further from the chlurlno thon. ore the vther fluorlnec' The 1nfLuepce

. of the lonv unﬂhdred 010(tr nopeirn Ihv prtposed CIF moleculé would

have a groatvr tendency roud alt fave Ilnorln@: on one 51de of the
‘ bentral atom thdn m Br[ bu(nncv of rtncreased slerlc crpwdlngc Thé
ux1a1 fluorlne in (IP lnlvr=¢'|n2'm-r' stronghy with the other four

-,

~f1u01{nes WQUld thvn.tc Forced further from the chlorinel’ The revexsal

in thé.opdor ol the yond the b <iriichong floqnnntleq in BrF5 and ClF5
“would not he unreaconahle’ -

.
‘Four preliminary cxporlmrn(= wih radic-frequency olectfudoless dié-'
"charge of 'NF .undlll T nla#- r«A(t-r rusulted 1 the forwatlon of

3

. fcproducnblv.-huy'émdjt amcun e .of ('mp-und A nnd in one cuse FNO .:The.

. 3
-.discharge could be narntaijred ot prvc sures no-greater than 5 mo nnd at
relatively. slow flowrates  .ca lec min. A Pdd]O -fréquency generator of
greater power output will be necessarv to :ncroase the operntlng pressure

of the system

U CONPDENTAL
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Compound B

Compound B, previously considered as a possible binary N-F compound

(Ref. 8 ), has been reproducibly made from NF_, and 012 along with

Compound A. Compound B is the species previouzly referred to as the
less stable of the two unknown compounds condensable at -142 C and is
characteriied by absovption in the infrared at 719, 713, and 707 cm-1
(Fig. -3 ). It reacts slowly with glass to give SiFh and ClOBF. Com-
pound B fqnmgé a BF3 complex which could be easily separated from Compound
A and other products. Thus, Compound B may be a new species containing
chlorine and fluorine. The further investigation of Compound B has been

‘temporarily -set aside in favor of Compound A.

Beéause of thé reactivity of Compounds A and B with glass, future work
'is planned in nonglass systems. To this end, an alumina and stainless-
steel discharge cell is in fabrication and will be used in conjunction
with a metal vacuum system. The use of high-purity alumina (99 percent
-A1203) is indicaﬁed by the negd for a ngnconducting cell material re-

sistant to attack by fluorine

n307-s | BONFlDENTlAL

FORM €008-8-1 PLATE REV. 1-58
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EXPERIMENTAL DETATLS

CHEMISTRY OF TRIFLUORAMINE OXIDE

Reaction With Aﬁtiﬁony Pentafluoride

Antimony pentafluoride (1.7 mmols) :as allowed to come into contact with
an excess of NF3O'(373 cc) at room temperature. A vigorous reaction
occurred, and a white solid was formed. The solid weighed less than the
starting SbF5 because df the absorption of the.SbF5 in the Fluorolube
layer in the manometer and to the volatility of .the solid. The NF30
consumed in the reaction~(0.8 mmols ) corresponded to a 1:2 reaction with

~SbF5' The infrared spectra of the solid is shown in Fig. 1 , taken in
a KC1 pellet. The solid was found to react with Nujol when ground in

a dry hox.

Reaction With Chlorine (VII) Oxide,

Nitrogen Dioxide and

Perchloric Acid

"The experimenfal procedures were the same as described in Lhe pre--
vious report (Ref. 1 ). The white solids were found to be somewhat
soluble in nitromethane. 'Sulfur dioxide, carbon tetrachlofide, and

C1207;did not dissolve the.solids, while diethylether reacted with them.

FORM 608.8.1 PLATE REV. 1.58 -
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Reaction With Potassium Cyanide

A solution containing 6.2 mmoles of KCN was.allowed to stand overnight

in contact with 1.8 mmoles of NF,0. No reaction occurred, and all the

3

NF_0 was recovered,

3

Reaction With Nitromethane

Trifluoramine oxide (29 cc) was left in coﬂtéct with a solution con-
taining an excess of nitromethane;.made basic with NaOH;-for two hours.
Essentially all the.NFBO was recovered., '

Nitromethane was left to stand for Qh,hpurs in contact with NaOH, The
clear yellow supernatant solution was then pipetted into an ampoule

(2 ml), and exposed to 28 cc of NF3O' After two hours, all the NF30

had been consumed. The liquid is curvently under investigation to de-

termine if the desired reaction occurred.

NEW INTERHALOGENS

Coméound A

A total of seven glow-discharge reactions employing NF3 and Cl, were

carried out. The samples submitted for gas chromatbgraphy weri
fractionated through a -112 C trap and condensed at -126 C. Only a
single fractionation was carried out to minimize the reaction of Com-
pound A with glass. Fractions ;ecovered from the chromatographic column

and identifieg we?e SiFh, 0102, C;Q, and FCIO3.

R-3071-3

o GONFIDENTIAL

FORM €08-B.1 PLATE REV. 1-88
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The preparation of Compound A by radio-frequency electrodeless discharge

was carried out in a glass reactor at 800 volts and 90 ma. Both straight-

tube and concentric-tube arrangements of the discharge cell were tested

with no observable difference.

Compound B

Compound B was synthesized along with Compound A and separated from CIF,
GIF3’ Compound A, ClOQF, CIOQ, NF3' Clg, and SiFh by the addition of ex-
cess BF3 and fractionation through -80 C, -112 C, and -126 C traps. The
~112 C trap contained some SiF 'BF3' and Compound B, Ilowever, neither

4
BF3 nor Compound B was observed in the -126 C trap.

About 5 cc of Compound B exploded while at -196 C in a U trap. The
explosion was of sufficient force to destroy the U trap and the adjoin-

ing glass connections. The cause of the explosion is unknown.

R-3071-3

CONFIDENTIAL

FORM 6068.B-1 PLATE REV. 1-3¢
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SUMMARY AND CONCLUSTIONS

The reaction of NT30 with antimony pentafluoride yields a white solid,
shown to be largely NOSbe rather than NFQOSbeL

The solids obtained from the reactions of the NF_ 0 BF'3 complex with

C1207 and N 0 have been shown by NMR aud IR not to contain N-F compounds,
Equally necatlse results were obtained Far the reaction of NF30 with
HCIOhf

Trifluoramine oxide has heen shown not to react with aqueous potassium
cyanide. The reaction wiil he t11ed employing the \130 BF complex in

a nonidqueous medium

Trifluorvamine oxide did not react “1th au aqueous solution of the sodium
salt of nitromethane; however. a reaction did occur when nitromethane
itself was used as a solvent This resction 1s being investigated to

determine whether new NF,0-1ype compound< have been synthesized.

Compound A has thus far eluded efferts to prepare 1t in the pure state,
Compound A does not foim a BI compiex, and BI has been used to com-
plex unwanted side products 1u the synthesis, such as (10 F. Purifica-
tion by gas chromatography 1s undey study, A small unknown fraction has
been obtained 1n the VPC column that may be caused by Compound A, hut

the fraction has been too smaii tu 1dentafy

R-3071-3 13

CONFIDENTIAL
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Compound B has been obtained by subjecting mixtures of NF3 and Cl2

to the glow discharge at -78 C. Compound B decomposes in glass to give
FClO3 and SiFh. It absorbs in the IR at 719, 713, and 707 cm_l. On

one occasion, Compound B exploded with considerable force while in a U

trap at -196 C. The cause for the explosion is not known.

R-3071-3 14
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